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METHOD FOR DETERMINING A MASS AIRFLOW 

CLAIM FOR PRIORITY 
This application claims priority to German Patent application 
5 102 34 492.2, filed July 29, 2002, which is hereby incorpo- 
rated by reference . 



TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a method for the determin a- 
10 tion of a mass airflow in an air duct using a mass airflow 

sensor, and to a mass airflow sensor unit with a mass airflow 
sensor. 



BACKGROUND OF THE INVENTION 

15 An important area of application for methods and mass airflow 
sensors is the measurement of mass airflows in the intake air 
ducts of modern internal combustion engines. Namely, precise 
control of the combustion in such internal combustion engines 
requires the amount of air drawn in through the intake air 

20 duct to be precisely measured, in order to maintain an opti- 
mal fuel-to-air ratio during combustion. 

For the measurement of such a mass airflow, multiple heated 
wire or hot film mass airflow meters are used. The basis of 

25 the way in which these sensors work is that a mass airflow 
cools a heated body down to an extent which corresponds to 
the magnitude of the mass airflow around the body. Accord- 
ingly, a current flowing through a heating resistor is con- 
trolled to maintain the heating resistor at a constant te m- 

30 perature above the temperature of the mass airflow. The heat- 
ing current required to achieve this represents a very exact, 
albeit non-linear, measure of the mass airflow. 



Provided that the air in an intake air duct always flows in 
35 one direction only, these sensors work with adequate preci- 
sion. However, with internal combustion engines operating 
conditions can arise in which in the air in the intake air 
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tions . These pulsations can become so strong that a backf low 
of the air occurs, in the reverse of the normal intake dire c- 
tion. However, the measurement principles described above, 
using heated wire or hot film mass airflow meters, only, per- 
mit the magnitude of a mass airflow to be determined, but not 
its direction. In the case of pulsations, this can lead to a 
backf low being measured as an inflow of intake air, which 
makes control of the internal combustion engine significantly 
more difficult. 



One possible way of recognizing such backflows consists in 
the use of two sensors spaced apart in the direction of the 
flow, or one sensor with two sensory elements spaced apart in 
the direction of the flow, so that by comparing their values 
15 the presence of a backflow can be inferred. However, such ar- 
rangements have a comparatively complicated construction, and 
demand costly assembly in an intake air duct. 

DE 43 42 481 C2 describes a method for the measurement of the 
20 air mass drawn into an internal combustion engine, using a 
temperature-sensitive measurement sensor in its intake air 
duct, whereby, from average load states of the internal com- 
bustion engine onwards, a supplementary heating element, lo- 
cated downstream from the measurement sensor in the induction 
25 direction, is heated up to produce an error -compensating ef- 
fect on the measurement sensor. This method requires the ad- 
ditional installation of the supplementary heating element 
into the intake air duct, which increases the manufacturing 
costs . 

30 

SUMMARY OF THE INVENTION 
On embodiment of the invention relates to a method for the 
determination of a mass airflow in an air duct using a mass 
airflow sensor, by means of which it is possible to capture 
35 signals, each of which corresponds to an amount of a value of 
the mass airflow, whereby sensor signals are captured and 
from them values are determined for the mass airflow using a 
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characteristic curve. Another embodiment of the invention re- 
lates to a corresponding mass airflow sensor unit with a mass 
airflow sensor, using which it is possible to form a signal 
corresponding to a variable of a mass airflow in an air duct. 

5 

The invention provides a method for determining an airflow 
mass, and a corresponding mass airflow sensor of such a na- 
ture that a backf low of inducted air caused by pulsations can 
be reliably recognized. 

10 

In another embodiment of the invention, a time series of si g- 
nals, which comprises several signals which have already been 
captured, is subject to a vibration analysis, which deter- 
mines the fundamental vibration and at least one prescribed 

15 harmonic vibration of the fundamental vibration and compares 
parameters of the fundamental vibration and of the prescribed 
harmonic vibration, and establishes the existence of a back- 
flow against the average mass airflow, due to pulsations, if 
the ratio of the parameters of the harmonic vibration to the 

20 fundamental vibration exceeds a prescribed threshold value. 

The method in accordance with the invention can be used for 
any required mass airflow or gas flow sensors, the outputs 
from which indicate the magnitude, which in the context of 
25 the invention is taken to be a non -negative value, but not 
the direction of a mass airflow which is to be captured. In 
particular, these sensors could be heated wire or hot film 
sensors 

30 In order to recognize backf lows, the method in accordance 

with the invention utilizes the property of the mass airflow 
sensors which leads to the problem in recognizing backf lows, 
namely that the amount of the mass airflow is determined but 
not its direction. 

35 

To make it easier to understand, the mass airflow can be r e- 
garded as the overlaying of an average mass airflow and a v i- 
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bration with a particular pulsation frequency, a particular 
level of modulation, which determines the amplitude, relative 
to the magnitude of the average mass airf low, of the vibr a- 
tion of the mass air flow about the average mass airflow, and 
5 with a negligible average value when determined over one p e- 
riod. For example, for a harmonic pulsatory vibration, the 
mass airflow Q can be expressed as a function of the time. t, 
the pulsation frequency co, the level of modulation m and the 
average mass airflow Q av as follows: 

10 

0 = Ov-O + ™-cos(a*)). 

If the level of modulation is less than 100%, then no back- 
flow will occur because the amplitude of the vibration always 

15 remains less than the average value of the mass airflow, and 
the resulting instantaneous mass airflow always remains posi- 
tive. The sensor signals then correspond to the actual mass 
airflow, that is the overlaying of a constant and a vibra- 
tion. A vibration analysis thus leads to the identification 

20 of the average mass airflow and the overlaid component at the 
pulsation frequency. 

If the level of modulation is greater than 100%, however, a 
backflow occurs during those time intervals in which the i n- 

25 stantaneous mass airflow values are negative. This is the 
case when the instantaneous excursion of the vibration is. 
negative and its magnitude is greater than the negative of 
the average mass airflow. Then, however, the sensor signal is 
no longer in the form of a constant overlaid by an vibration, 

30 because during the intervals in which the backflow occurs 

what is captured in not a negative mass airflow but a posi- 
tive mass airflow of the same magnitude, the size of this 
corresponding to that of the backflow. In the vibration 
analysis of the sensor signals there appear, therefore, not 

35 only the fundamental vibrations corresponding to the puis a- 
tion frequency, but in addition harmonic frequencies which 



5 



depend on the level of modulation of the pulsating mass ai r- 
f low ; 

Hence, in order to determine a backflow, a vibration analysis 
5 is carried out on a time series comprising a prescribed num- 
ber of signals captured before the most recent sensor signal. 
When used on internal combustion engines, it is preferable to 
use a multiple of a segment for which the fundamental modes 
of vibration are known. Ideally, the vibration analysis will 
10 be carried out in a control unit of an internal combustion 
engine, so that the fundamental frequency is known from its 
rotational speed. It is then only necessary to determine the 
harmonic vibrations. 

15 The pulsation vibrations, or the corresponding graph of the 
sensor signal, are not necessarily sinusoidal or co- 
sinusoidal, so that even with modulation levels below 100% 
harmonic vibrations may be established by the vibration 
analysis, but their strength is significantly less than the 

20 strength of the harmonic vibrations caused by backf lows . For 
this reason, in order to detect the onset of a backf low, the 
harmonic vibration is compared against the fundamental vibra- 
tion by reference to a suitable parameter. When this compari- 
son is made, if the harmonic of the fundamental vibration e x- 

25 ceeds a prescribed threshold value, a backf low is recognized. 
This threshold value will generally depend on the functional 
form of the time -dependent signal which underlies the vibra- 
tion analysis. It can be determined, for example, by tests 
or, if for example the pulsations can be simulated with su f- 

30 ficient accuracy, by the application of appropriate simula- 
tion results. 

The invention permits a backf low of air caused by pulsations 
to be recognized in a simple way, with no change to the mass 
35 airflow sensor. In particular, it is no longer necessary to 
use two mass airflow sensors or one mass airflow sensor with 



6 



two sensory elements, spaced apart in the direction of the 
flow, or an additional heating element. 
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In order to enable the signals from a mass airflow sensor to 
be used even when a backflow is established, it is preferable 
that the value of the mass airflow corresponding to a most 
recent signal is corrected for the occurrence or backflows in 
5 the air duct when it has been established that a backflow ex- 
ists. For this purpose, the value of the signal from the mass 
airflow sensor, or the value of the mass airflow determined 
from the characteristic curve, can for example be replaced by 
the corresponding value before the onset of the pulsation, or 

10 by values from a predefined family of correction curves. The 
latter could include, for example, as independent variables 
the average mass flow and the ratio of the magnitudes of the 
parameter for the harmonic vibration to the fundamental v i- 
bration. It is also possible to use as the mass airflow sim- 

15 ply the mass airflow determined from the pulsation and to 

output a further signal which indicates the existence of pu 1- 
sations . 

In another embodiment of the invention, a value for the level 
20 of modulation of the pulsation is determined from the ratio 
of the parameters for the fundamental vibration and the har- 
monic vibration, and this value is used for correction pu r- 
poses. In particular, it is then possible to use. a model of 
the mass airflow in order to determine by approximation, from 
25 the average mass airflow and the level of modulation, the ac- 
tual mass airflow, if necessary for a complete prescribed 
time interval. 

Basically, the vibration analysis, for example in the form of 
30 a Fourier analysis or an analysis of the harmonics, can be 
performed using as the most recent signal each signal which 
is captured. In this case, the last signal in the time series 
can be at a time interval before the most recent signal, the 
interval being so chosen that the information for the vibr a- 
35 tion analysis can still be used for correcting the current 
signal. Here, the time interval can be chosen in particular 
as a function of the speed with which the pulsations which 
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cause a backflow typically start up or die down, as a func- 
tion of the speed with which the vibration analysis can be 
performed and, if a correction is to be carried out, as a 
function of the nature of the correction. However, the time 
5 series can include not only the prescribed number of signals 
captured before the most recent one, but in addition also the 
most recent signal value, which then represents the last sig- 
nal value, so that the time interval is zero. 

10 However, depending on the speed at which the mechanism for 

performing the vibration analysis works, the analysis may re- 
quire a longer time than is available before the next signal 
is captured. Furthermore, the pulsations which cause a back- 
flow will set in no faster than a predefined, maximum speed 

15 which is determined by the finite propagation speed of ai r- 
borne waves and depends on the conditions in the internal 
combustion engine, and die down with a corresponding maximum 
speed. It is therefore preferable to. carry out the vibration 
analysis at prescribed time intervals which are larger than 

2 0 the time intervals between the capture of successive sensor 
signal values. The existence or non-existence of a backflow 
can then be extrapolated over the time period between succe s- 
sive vibration analyses. The time intervals at which vibra- 
tion analyses are performed can then be made dependent, in 

25 particular, on the speed with which pulsations which produce 
a backflow typically set in or die down, and on the speed 
with which the vibration analysis can be performed. In the 
case of an internal combustion engine, the signals will pre f- 
erably be processed segment -by-segment . 

30 

In the embodiment described, it is preferable that the values 
for the mass airflow are corrected in each case on the basis 
of the last vibration analysis. The intervals at which the 
vibration analyses are carried out can then also be made de- 
35 pendent, in particular, on the nature of the correction, in 
particular for the extrapolation error when a model of the 
pulsations is used. 
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The invention can be generally used for the determination of 
mass airflows in air ducts, in particular in the intake air 
ducts of internal combustion engines. Although pulsations can 
basically arise at any rotation speed of an internal combu s- 
5 tion engine, they cause a backflow of the inducted air in 
particular operating conditions. It is therefore preferable 
that the air duct used for an internal combustion engine is 
the intake air duct, that at least one operating parameter of 
the internal combustion engine is captured, and that the v i- 

10 bration analysis is performed when the operating parameter 
which is captured lies within a prescribed range, in which 
pulsations of a prescribed minimum strength are expected. The 
prescribed range can then be made dependent, in particular, 
on the construction of the internal combustion engine and the 

15 intake air duct, or its resonant frequencies for air vibra- 
tions and the load state, as appropriate. The operating pa- 
rameter could be, in particular, the rotational speed and, 
for Otto-cycle internal combustion engines, the throttle 
valve angle, which is one of the factors defining the load 

20 state. This method considerably reduces the effort required 
to determine a backflow which, particularly if the vibration 
analysis is performed in a control device for the internal 
combustion engine, can lead to a significant reduction in the 
load on any processor in it. 

25 

For the purpose of carrying out the vibration analysis, it is 
preferable, if the signals from the mass airflow sensor are 
not already digitized, to digitize them using for example an 
analog-to-digital converter, with a sampling frequency which 

30 is sufficiently high for the purposes of the vibration anal y- 
sis. The vibration analysis can be performed on the basis of 
these digitized signal values, with any correction to the 
values of the mass airflow being effected by a correction of 
the signal values, which are then converted to mass airflow 

35 values which correspond to the characteristic curve. However, 
the characteristic curve for the mass airflow sensor is fre- 
quently non-linear, which makes the vibration analysis more 
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difficult, because the peaks corresponding to the fundamental 
and harmonic vibrations are correspondingly broad. It is 
therefore preferable to determine values for a mass airflow 
variable from the signals by using the characteristic curve, 
5 and to perform the vibration analysis on the basis of a time 
series of mass airflow variable values which cor responds to 
the time series of the signals. If no backflow is present, 
the values of the mass airflow variables correspond to the 
mass airflow values. Otherwise, any correction of the values 
10 of the mass airflow variables to mass airflow values can then 
be made at the level of the mass airflows, and thus signifi- 
cantly more simply, because it is not necessary to take into 
account any non-linearity in the characteristic curve for the 
mass airflow sensor. 

The parameters of the fundamental and harmonic vibrations can 
be determined, for example, using Laplace transforms, or using 
wavelet analyses. Because of its simplicity, and particularly 
its speed of execution, it is preferable however to effect 
20 the vibration analysis by a Fourier analysis. It is particu- 
larly preferable to use a fast Fourier transform. 

The parameters of the fundamental and harmonic vibrations can 
be defined in a variety of ways. Preferably, the strengths of 
25 the fundamental vibration and the harmonic vibration can be 

used in the form of the amplitudes of these vibrations, which 
are obtained directly from the vibration analysis. 

If the phase and/or the amplitude information is used in the 
30 vibration analysis, a particularly accurate correction is ob- 
tained. The method is particularly sparing on computation if 
the phase angle between the 1 st and 2 nd harmonics is evalu- 
ated. 

35 If, when the vibration analysis is carried out, the peaks of 
the fundamental and the harmonic vibrations are broad or i n- 
deed bell-shaped, the frequency corresponding to the peak is 
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often difficult to determine, and with it the amplitude. It . 
is then preferable to use the strengths of the fundamental 
vibration and the harmonic vibrations, and to determine them 
by reference to a power spectrum. In particular, the area u n- 
5 der the peaks corresponding to the vibrations can be used as 
a measure of their strength, from which a very accurate de- 
termination of the strength of the corresponding vibration 
can be obtained. This can be an advantage particularly when 
non-harmonic vibrations are present. 

10 

The frequency of the fundamental vibration can basically be 
determined by the vibration analysis, but an extensive search 
may be necessary in order to do so. In order to speed up the 
search for the pulsation corresponding to the fundamental v i- 

15 bration in an internal combustion engine, it is preferable to 
use as the air duct the intake air duct in the internal com- 
bustion engine, to determine the rotational speed of the in- 
ternal combustion engine, and to use a value for the rota- 
tional speed of the internal combustion engine in determining 

2 0 the fundamental vibration. For an internal combustion engine, 
the pulsation frequency is determined approximately primarily 
as the product of the rotational speed of the internal com- 
bustion engine and the number of its cylinders divided by the 
number of work cycles per revolution of the crankshaft. It is 

25 then possible to search within a prescribed range, around the 
pulsation frequency determined approximately in this way, for 
the actual pulsation frequency, which can significantly re- 
duce the effort required for the search. 

30 In order to obtain as accurate data as possible for a har- 
monic vibration, it is preferable to use the first harmonic 
vibration. This frequently has a greater strength than higher 
harmonics, so that noise effects induce smaller relative er- 
rors in the determination of the harmonic vibration and the 

35 ratio of the strength of the harmonic vibration to the funda- 
mental vibration than if use is made of higher harmonic vi- 
brations. If only the first harmonic vibration is used, the 
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sampling frequency, at which the signals are captured from 
the mass airflow sensor, can also be chosen to be lower than 
if higher harmonic vibrations are used. 

5 To permit any backflow to be more reliably established, or 

the mass airflow value to be corrected, as appropriate, it is 
preferable that the parameter for at least one further ha r- 
monic vibration is determined, and in addition the ratio of 
the fundamental vibration to this additional harmonic vibr a- 

10 tion and/or the ratio of the harmonic vibration to this addi- 
tional harmonic vibration is used in establishing a backflow 
and/or for correction purposes. The use of additional har- 
monic vibrations can, in particular, permit better estimation 
of the level of modulation, and hence the magnit ude of any 

15 backflow. 

The invention can, for example, be carried out using a con- 
troller which controls the internal combustion engine, if 
this has an appropriately programmed processor. It is also 
20 possible to integrate an appropriate unit directly into a 
mass airflow sensor, which avoids wiring work. 

In still another embodiment of the invention, there is a mass 
airflow sensor unit having a mass airflow sensor, with which 

25 a signal can be formed corresponding to a magnitude for a 

mass airflow in an air duct, the unit having an analysis de- 
vice linked to the mass airflow sensor, this device being d e- 
signed for converting the signal from the mass airflow sensor 
into the value of an output variable corresponding to a cha r- 

30 acteristic curve for the mass airflow sensor, which curve 
represents a relationship between the signal from the mass 
airflow sensor and corresponding magnitudes of the mass ai r- 
f low, the device being designed to carry out the method in 
accordance with the invention. 

35 

In on aspect, the analysis device can have a memory and a 
digital signal processor linked to the memory, the processor 
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being programmed to carry out the method in accordance with 
the invention. 

To carry out the method, a mass airflow sensor unit in acco r- 
5 dance with the invention can be implemented in the mass air- 
flow sensor or in the controller for an internal combustion 
engine. In particular it can be manufactured as a module, and 
used for very varied controllers . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail below by reference 
to the drawings, in which: 

Fig. 1 shows an Otto motor with a controller and an intake 
15 air duct with a heated wire mass airflow sensor . 

Fig. 2 shows a characteristic curve for the mass airflow sen- 
sor in Fig. 1. 

20 Fig. 3 illustrates four diagrams which show in graphic form a 
simulated frequency spectrum for pulsations, each with a di f- 
ferent level of modulation. 

DETAILED DESCRIPTION OF THE INVENTION 
25 In Fig. 1, an Otto motor 1 is connected to an intake air duct 
2, through which air is drawn into the Otto motor 1 for com- 
bustion. A controller 3 is connected to the Otto motor 1 to 
control it. In or on the intake air duct 2, as applicable, is 
arranged a heated wire mass airflow sensor 4, which is co n- 
30 nected to the controller 3. 

The Otto motor 1 is constructed in the familiar manner as a 
4-stroke motor, and includes devices not explicitly shown in 
the schematic representation of Fig. 1, namely an air feed, 
35 fuel pumping system, and exhaust gas handling equipment. In 
particular it has actuators, not shown in Fig. 1, for con- 
trolling operating parameters such as, for example, the vol- 
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ume of air drawn in plus the timing and quantities of fuel 
fed in, together with sensors for capturing the values of op- 
erating parameters, of which only a rotation rate sensor 5 is 
shown in Fig. 1. 

5 

The rotation rate sensor 5, which comprises a differential 
magneto-resistive sensor and a toothed wheel connected to the 
crankshaft of the Otto motor 1, captures the rotation rate of 
the Otto motor .1 in the familiar manner, and outputs corre- 
10 sponding rotation rate signals to the controller 3. 

The heated wire mass airflow sensor 4, which is only shown 
schematically but is in the familiar form, comprises a bridge 
circuit with a first and a second bridge arm together with a 
15 regulating system 6 with a difference amplifier. 

The first bridge arm has a temperature -dependent resistance 
R T connected in series with a further resistance Ri. The sec- 
ond bridge arm comprises a temperature -dependent sensor- 
20 heating resistance R H together with a resistance R 2 connected 
in series with it. 

The resistance R T and the sensor-heating resistance R H are so 
arranged in the intake air duct 2 that when the airflow in 
25 the intake air duct 2 is normal the resistor R T is located 
upstream of the sensor -heating resistor R H . 

The regulating system 6 is connected via its input to the 
tapping points, between the resistors R T and Ri or between 
30 the sensor-heating resistor R H and the resistor R 2 respec- 
tively, and from its output it supplies current to the bridge 
circuit. 

The resistor R T acts as a temperature sensor for the temper a- 
35 ture of the intake air. The sensor -heating resistor R H serves 
to measure the mass airflow, in which function it utilizes 
the fact that the sensor-heating resistor R H is cooled by a 
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mass airflow which is at a lower temperature than the sensor - 
heating resistor R H/ to an extent corresponding to the magni- 
tude of the mass airflow, which in turn leads to a corr e- 
sponding change in its resistance value. 

The regulation system 6 regulates the current through the 
bridge arms as a function of the difference between the vol t-' 
age tapped firstly from between the resistors R T and Ri and 
secondly that tapped from between the sensor -heating resistor 
10 R H and the resistor R2, and in particular regulates the cur- 
rent through the sensor-heating resistor R H in such a way 
that the sensor-heating resistor R H is maintained at a pre- 
scribed fixed temperature difference relative to the tempera- 
ture of the intake air, as measured by the resistor R T . 

15 

To achieve this, the current is changed in such a way that 
the cooling of the sensor-heating resistor R H/ caused by the 
mass airflow, is compensated by a corresponding change in the 
current through the bridge, and hence through the sensor - 
20 heating resistor R H/ so that the voltage difference at the 
input to the regulation system 6 is held constant. 

A voltage tapped off at the resistor R2, proportional to the 
current through the bridge circuit and hence corresponding to 

25 the mass airflow, forms a sensor output signal from the mass 
airflow sensor 4, which is fed to the controller 3. The sen- 
sor output signal from the mass airflow sensor 4 then corre- 
sponds to a mass airflow, in accordance with a characteristic 
curve as shown in Fig. 2, where this characteristic curve is 

30 dependent on the diameter of the intake air duct 2. Since the 
cooling of the sensor-heating resistor R H depends only on the 
magnitude of the mass airflow, it is not possible to dete r- 
mine the direction of the mass airflow using the heated wire 
mass airflow sensor 3. 

35 

The controller 3 comprises devices for capturing signals from 
sensors connected to the controller, of which the only one 
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shown in Fig. 1 is an analog -to-digital converter 7 connected 
to the mass airflow sensor 4, output devices for activating 
the actuators in the Otto motor 1, a processor 8 connected to 
the capture devices and the output devices, plus a memory de- 
5 vice 9 connected to the processor 8, for storing at least one 
program to be executed on the processor 8 together with data 
which may be required in the execution of the program, and 
also for permanent storage of the data for the characteristic 
curve . 
10 . 

The processor 8 uses, among other things, an appropriate con- 
trol program to control the actuators for the Otto motor 1 as 
a function of the values captured from the sensors, and in 
particular also as a function of details of the mass airflow 
15 captured in the intake air duct 2. The processor 8 serves 

further to determine the mass airflow from the sensor output 
signals from the mass airflow sensor 4, for which purpose it 
executes an appropriate program, which may also be a part of 
the control program. 

20 

In order to capture details of the mass airflow, the analog 
signal from the mass airflow sensor 4 is sampled at a pre- 
scribed sampling frequency in the analog -to-digital converter 
7 and is converted to a corresponding digital signal, which. 

25 is fed to the processor 8 or the memory device 9, as applica- 
ble, and is stored in the memory device 9. In order to be 
able to capture, from the sensor output signal from the mass 
airflow sensor 4, at least the first harmonic vibration of a 
pulsation vibration, the sampling frequency will be greater 

30 than four times the highest pulsation frequency at which 

backflows can occur and which is to be taken into account, 
this frequency being given essentially by the product of the 
corresponding motor rotation speed and number of cylinders, 
divided by the number of work cycles per rotation of the 

35 crankshaft. 
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In doing this, the memory device 9 stores a prescribed number 
N of uninterrupted consecutive values of the digitized sensor 
output signal from the mass airflow sensor 4, corresponding 
to the time sequence in which they were captured, so that, 
5 when a newly-captured sensor signal value is saved, the old- 
est of the N values is deleted or overwritten. 

In carrying out a vibration analysis, the existing time se- 
ries consisting of the N saved values is then subjected to a 
10 fast Fourier transform (FFT) or another analytical procedure, 
and the results are saved in the memory device 9. 

Examples of the resulting spectra, with their points linked 
by a smooth curve to improve the presentation, are shown in 

15 diagrams A to D in Fig. 3, for modulation levels of 20% 
(i.e. 0.2), 100% (i.e. 1.0), 150% (i.e. 1.5), or 300% 
(i.e. 3.0), in each case for the same pulsation frequency and 
sampling frequency. Here, the ordinates are the values of the 
Fourier transforms in dB relative to a prescribed standard 

2 0 value. The ratios of the Fourier transforms or the corre- 
sponding differences in the logarithms of the ratios are nec- 
essary, and the magnitude of the standard value is of no im- 
portance, and is arbitrarily chosen. 

25 The spectra show peaks 10, 10', 10' ' and 10' ' ' for a funda- 
mental vibration at the pulsation frequency. Further peaks, 
which occur include 11, 11', 11'' and 11''' for first harmon- 
ics at twice the pulsation frequency, and peaks 12, 12', 12' ' 
and 12''' for second harmonics at three times the pulsation 

30 frequency. Here, the ratios of the amplitudes of the harmonic 
vibrations to those of the fundamental vibrations clea rly de- 
pend on the level of modulation: at a modulation level of 20% 
the difference between the amplitudes of the fundamental vi- 
brations and the first harmonic vibrations amounts to some 4 0 

35 dB (cf. diagram A) and then rises, when a modulation level of 
100% is reached, at which a backflow starts to set in, to a 
difference of 20 dB (cf. diagram B) , which is roughly the 
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same as for a modulation level of 150% (cf. diagram C) , to 
then reach some 5 dB at a modulation level of 300% (cf. dia- 
gram D) . 

5 Whereas, at a modulation level of 100%, the amplitudes of the 
first and the second harmonic vibration still differ by some 
lOdB, at a modulation level of 150% they are of roughly the 
same size. 

10 In order to determine the position of the peaks, the result- 
ing spectrum is initially searched in the region of the ex- 
pected pulsation frequency, given by the product of an engine 
rotation speed captured by the rotation speed sensor 5 and 
the number of cylinders divided by the number of working c y- 

15 cles per rotation of the crankshaft, to find a corresponding 
maximum in the spectrum. 

If such a maximum is found, the value of the Fourier tran s- 
forms is determined, and is saved together with the corr e- 
2 0 sponding pulsation frequency. 

After this, the values of the Fourier transforms at twice and 
three times the pulsation frequency are determined. 

25 If the ratio of the amplitudes of the first harmonic vibra- 
tion and the fundamental vibration exceeds a threshold value , 
which corresponds to -20 dB and thus amounts to about 0.01, 
the onset of a backflow is established. 

30 If the existence of a backflow is established, the maxima of 
the sampled time -dependent digitized sensor output signal 
values from the mass airflow sensor 4 are used to determine 
corrected sensor output signal values. For this purpose, use 
is made of the fact that the digitized sensor output signal 

35 corresponds to the magnitude of the mass airflow which is 

now, over one full cycle of the pulsatory vibration, partly 
positive, i.e. moving in the direction toward the Otto motor 
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1, and partly negative, i.e. in the opposite direction. Here, 
the maximum with the lower value corresponds to precisely the 
minimum of the actual mass airflow. 

5 After this, the mass airflow is determined from the value of 
the sensor output signal, corrected or uncorrected depending 
on the value of the modulation level, by reference to the 
characteristic curve for the mass airflow sensor 4 stored in 
the memory device 9 of the controller 3, and is then stored 
10 temporarily if necessary and then further used for the con- 
trol of the Otto motor 1 . 

With a second exemplary embodiment, before the vibration 
analysis is carried out the digitized sensor output signal 
15 values undergo a conversion into mass airflow values, which 
then form the basis for the vibration analysis. 

For this purpose, before they are saved the digitized sensor 
output signal values are first converted, using the chara c- 
20 teristic curve for the mass airflow sensor 4 stored in the 
memory device 9, into values for a mass airflow variable 
which correspond to uncorrected mass airflow values, which 
are then saved in the same way as the digitized sensor output 
signal values in the first exemplary embodiment. 

25 

The vibration analysis is then carried out on the basis of 
the time series of values of the mass airflow vari able, which 
corresponds to the time series in the first exemplary embodi- 
ment . 

The resulting spectrum also shows peaks for a fundamental v i- 
bration and harmonic vibrations, corresponding to the pulsa- 
tion vibration frequency. However, there are clear differ- 
ences in the amplitudes of the corresponding peaks, dete r- 
35 mined by the elimination of the non-linearity arising from 

the non-linear characteristic curve. The threshold value for 
the ratio of the amplitudes of the first harmonic. vibrations 
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and the fundamental vibration must accordingly be set to an 
appropriate, different value. 

If no backflow exists, the values of the mass airflow var i- 
5 ables correspond to the actual magnitude of the mass airflow, 
and are used accordingly. Otherwise, any required correction 
is applied to the values of the mass airflow variables, to 
give actual mass airflow values at the level of the mass air- 
flow values in a form corresponding to the first exemplary 
10 embodiment, and is thus simpler and more accurate to apply. 

The mass airflow values determined can then, after temporary 
storage if necessary, be re -used for controlling the engine. 

15 With a third exemplary embodiment, the components correspond- 
ing to the analog-to-digital converter 7, the processor 8 and 
the memory device 9, together with a mass airflow sensor cor- 
responding to the mass airflow sensor 4, can be combined in 
one mass airflow sensor unit, which outputs to a controller 

2 0 mass airflow values determined by the processor. 



